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Transplantation of square fragments of thalli was successfully performed for 
Parmotrema tinctorum. The fragments were covered with pieces of nylon mesh stapled 
to the substratum and were cultured on the trunks of Cryptomeria japonic a under natural 
condition. Numerous granules, cylindrical protuberances and lobules were formed on the 
periphery of the fragments 15 months after transplantation. The granules and cylindrical 
protuberances seemed to have been originated from the upper cortex and medulla, includ¬ 
ing algal layer, of the transplanted fragments and resemble isidia formed on the upper 
surface. They were fused each other to form obovate or palmate dorsiventral protuber¬ 
ances and lobules in later stages. Lecanoric acid and atranorin were produced in the 
newly developed lobules. 

Key words: Nylon mesh, Parmotrema tinctorum, regeneration of lobules, transplanta¬ 
tion. 


Parmotrema tinctorum (Nyl.) Hale is a 
common foliose lichen growing on various 
trees and rocks in temperate and subtropical 
zones, including eastern and south-western 
Japan. It is extremely sensitive to air pollu¬ 
tion (Sugiyama 1973, Sugiyama et al. 1976) 
especially to sulfur dioxide, a by-product of 
the burning of fossil fuel (Hawksworth and 
Rose 1970, Sugiyama et al. 1976). There¬ 
fore, it has been used as a bioindicator of air 
pollution in Japan, while it has been threat¬ 
ened or extinct around and in certain urban 
or industrial area. 

Since lichens have a dual nature, asexual 
propagules such as soredia, isidia, schizidias, 
fragments of thalli, etc. which include fungal 
and algal partners together, can grow directly 
into new thalli. Shuster et al. (1985) reported 


early growth and development of soredia of 
Hypogymnia physodes and Physcia tenella. 
Besides, Honegger (1995, 1996) reported 
that the foliose lichen Xanthoria parietina 
(L.) Th.Fr. was capable of regenerating new 
lobes along wound margins or cut edges of 
the thallus by culturing on artificial ceramic 
substrata. On the other hand, the transplanta¬ 
tion experiments with corticolous lichens 
were reported by Brodo (1961), Hallingback 
(1990) and Armstrong (1994). Bando and 
Sugino (1995) tried to cultivate Parmotrema 
tinctorum in growth cabinets. However, they 
reported only the influences of environ¬ 
mental elements such as humidity, tempera¬ 
ture, pH etc. on the growth of the lichens. In 
these studies, regeneration and morpho¬ 
genesis of transplanted thalli have not been 
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observed. 

Through the present study, transplantation 
of thalli of Parmotrema tinctorum was suc¬ 
cessfully performed. Numerous lobules were 
formed on the periphery of transplanted frag¬ 
ments. The regeneration and morphological 
changes of granules into lobules observed in 
the transplanted fragments will be reported 
in the present paper. 

Material and Methods 

Fragments (7x7 mm) were cut off with a 
knife from marginal part of thalli of 
Parmotrema tinctorum (Nyl.) Hale collected 
at Kiyosumi, Chiba Prefectrure. These frag¬ 
ments were transplanted on the trunks of 
Cryptomeria japonica D. Don growing near 
by the collecting site. These transplanted 
fragments were covered with pieces of nylon 


mesh about 2 x 2 cm in size, which were sta¬ 
pled to the bark at the comers (Fig. 1A). 
Average temperature (mid summer, mid win¬ 
ter and annual) and annual rainfall at the ex¬ 
perimental site were obtained from monthly 
report of meteorological data compiled by 
the Experimental Station for Forestry of the 
Tokyo University and is shown in Table 1. 

For light microscopic observation, sec¬ 
tions were made by using a freezing 
microtome and mounted in GAW solution. 
Naturally dried specimens were cemented on 
specimen-holders, sputter coated with about 
100 A gold, and examined at 15 kV in a 
JEOL JSM- 5410LV scanning electron mi¬ 
croscope. New lobules formed on the periph¬ 
ery of the fragments were chemically tested 
by the standardized thin-layer chroma¬ 
tographic method (Culberson 1972). 



Fig. 1. Transplantation of fragments of thalli of Parmotrema tinctorum. A: A fragment transplanted on 
trunk Of Cryptomeria japonica on 5 May 2001. B: A fragment 4 months after transplantation on trunk 
of Cryptomeria japonica. No lobule was formed. C: A fragment 15months after transplantation on trunk 
of Cryptomeria japonica. Numerous juvenile, granules, protuberances and lobules were formed. Scale = 
5 mm. 


Table 1. Average temperature and annual rainfall at the experimental site 


Average temperature 


Annual rainfall 


mid summer 
25 °C 


mid winter 
4 °C 


annual 
14.2 °C 


2000-2400 mm 
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Results and Discussion 

Although the transplanted fragments of 
thalli increased the area to about 69 mm 2 , no 
remarkable morphological change was ob¬ 
served 4 months after transplantation (Fig. 


IB). Fifteen months after transplantation, 
however, both the increase of an area 83 
mm 2 and remarkable morphological changes 
were observed. As shown in Figs. 1C, and 
2A, numerous granules, protuberances and 



Fig. 2. A fragment 15 months after transplantation. A: upper view B : lower view. 
Scale = 3 mm. 






August 2003 


Journal of Japanese Botany Vol. 78 No. 4 


211 


lobules were found on the periphery of the 
fragments. In addition, numerous juvenile 
isidia were found on the upper surface and 
some rhizines were observed on the black¬ 


ened lower surface (Figs. 2B, 3B). It should 
be noted here that these fragments had taken 
from the younger marginal parts of the thalli 
with a pale brown lower surface and with 



Fig. 3. Scanning electron micrography of fragments 15 months after transplantation. A: lobules formed on the 
periphery (upper view). B: Newly formed lobules (right) and rhizines (left, lower view). C: Newly formed 
juvenile isidia on the upper suface of the fragment. D: Globular outgrowths. E: Cylindorical protuberances 
(lower view). The medulla of the fragment is exposed. F: Cylindrical protuberances (upper view). 
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neither isidium on the upper surface nor 
rhizine on the lower surface prior to the 
transplantation. 

As mentioned above, various appendages 
such as granules, protuberances and lobules 
are observed on the periphery of the frag¬ 
ments 15 months after transplantation (Figs. 
3B, 3D, 3E). Among them, granules can be 
considered to represent an initial stage of 
formation of these appendages. The granules 
resemble juvenile isidia formed on the upper 
surface (Fig. 3C), being surrounded with cor¬ 
tex. In this stage, continuous cortex could be 
seen on the upper surface even between the 
surface of granules and the upper surface of 
the fragments (Fig. 3F), whereas there were 
distinct gaps between the surface of frag¬ 
ments and the surface of granules (Fig. 3D) 
on the lower surface. While the upper cortex 
of the fragments is connected with that of 
granules, in other words, the lower cortex of 
the fragments is not connected with that of 
granules and the medulla of the fragments 
was exposed (Figs. 3D, 4A) in this stage. 


Thus, the cortex of the granules can be con¬ 
sidered to have been derived by the growth 
or extension of upper cortex of the frag¬ 
ments. The granules grew up further to form 
cylindrical protuberances, in which the cor¬ 
tex is still not connected with the lower cor¬ 
tex of the fragments (Fig. 3E). Therefore, 
granules and cylindrical protuberances can 
be considered to have been formed by com¬ 
bined growth of the upper cortex and the me¬ 
dulla, including gonidial layer, of the 
fragments. 

On the periphery of the fragments cultured 
for 15 months, dorsiventral lobules are also 
observed (Figs. 2A, 3A, 3B) as mentioned 
above. These lobules seem to have been 
formed by the fusion of cylindrical protuber¬ 
ances often becoming dorsiventral in later 
stages. In part of the fragments, where nu¬ 
merous lobules are formed, lower cortex of 
lobules was bound with that of transplanted 
fragments, leaving rather distinct scars along 
the periphery of the fragments or between 
newly formed lobules and the fragments 



Fig. 4. Cross-section of granule and lobule formed on the periphery of fragment. A: Granules formed on the pe¬ 
riphery of fragment. Cortex is connected with upper cortex of fragment but the medulla of fragment is ex¬ 
posed. Scale = 100 pm. B: Lobules formed on the periphery of fragment. Cortex is connected with lower 
cortex of fragment. Scale = 100 pm. 
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(Fig. 3B). In dorsiventral lobules, stratified 
composition similar to original thalli of P. 
tinctorum , though the medulla is rather thin 
(Fig. 4B). These developmental stages were 
similar to thallus ontogeny observed in the 
foliose macrolichen Xanthoria parietina 
(Honegger 1993). 

Fifteen months after trarnsplantation, 
newly formed lobules were cut off from the 
fragments and the secondary products of 
them were tested by TLC. The results of 
TLC tests clearly showed the presence of 
atranorin and lecanoric acid, which both are 
produced in nature. 

As shown above, transplantation of thallus 
fragments of P. tinctorum was successfully 
performed using nylon mesh. Appendages 
such as granules, protuberances or lobules in 
various stages of regeneration were observed 
on the periphery of the transplanted frag¬ 
ments. At present, we do not know what the 
triggers are for regeneration of granules or 
protuberances on the periphery and for the 
morphogenesis of granules into lobules. The 
transplant technique introduced here may be 
useful for further studies on regeneration and 
morphogenesis of lichen thalli. It may be 
also useful in studies of lichen ecology and 
physiology, including studies on influences 
of air pollution using transplant method of li¬ 
chen. 

We express our sincere thanks to Dr. 
Kurokawa, Botanical Gardens of Toyama for 
his valuable suggestion and criticism. 
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